There were presented the research results of electromagnetic characteristics of materials, which are widely used in 3D printing by fused deposition method. Using the spectrometer of continuous radiation, the frequency dependences of the real and imaginary parts of the dielectric constant of polystyrene, acrylonitrile sterol acrylate (ABS), polyethylene terephthalate glycol, thermoplastic elastomer, acrylonitrile butadiene styrene and nylon in frequency range 200-380 GHz at temperature 298 K were obtained. Applicability of researched materials for creating elements of the terahertz (THz) frequency range was considered.
Introduction
The creation of materials with given electrophysical properties is an urgent task in all spheres of human activity in which electromagnetic radiation is used. The rapid development of additive technology leads to the emergence of new materials and development of composites based on polymer matrixes [1] [2] . The use of multi-extrusion layer-by-layer fusion systems is interesting in creation of interacting with THz radiation composites based on electrically conductive plastic and polymer dielectric matrices. [3] [4] [5] [6] [7] [8] . The production of the EHF elements [9] using the 3D printing method opens up broad prospects for creating relatively cheap THz imaging systems in the food industry [10] [11] , medicine [12] and microelectronics [13] . An active research of matrixes with an artificial periodic structure consisting of conducting and dielectric elements is underway. These periodic structures allow controlling the laws of dispersion, refraction and reflection of electromagnetic waves in the material. Thus, resonators, filters, and phase shifters can be constructed on the basis of these matrixes. To create these THz devices, it is first necessary to research the electrophysical properties of the matrixes. This paper presents the results of the analysis of the electromagnetic properties of polymer dielectric plates created by additive technology in the THz frequency range. For research a number of polymeric materials, widely applicable in industrial and consumer 3D printers was selected.
Experimental work
In our research matrixes of popular materials that are used in 3D printing (polystyrene, acrylonitrile sterol acrylate, polyethylene terephthalate glycol, thermoplastic elastomer, ABS, nylon) were created using additive fused deposition modeling (FDM) technology. Matrixes are homogeneous square plates with transverse dimensions of 25 x 25 mm and 740-1970 µm thicknesses. Description and thickness of the fabricated samples of the matrixes are presented in Table 1 To research the electromagnetic properties of polymer dielectric plates in the THz frequency range, we used a quasi-optical spectrometer STD-21 ( Figure 2 ), which is based on the Mach-Zander interferometer at temperature 298 K. As a source of monochromatic electromagnetic radiation of 200-380 GHz frequency range, M-type backward wave oscillator was used. The THz wave was modulated by mechanically interrupting the quasi-optical beam with a chopper. Acousto-optic converter (Golay cell) performed detection of electromagnetic radiation transmitted through the researching sample. The matching of the THz radiation power with the allowable range for the detector was carried out with teflon attenuators in discrete steps. A mesh divider from microwires carried out the division of a linearly polarized wave into two arms of interferometer. Measurements of complex dielectric constant of each type of polymer dielectric matrix took place in two stages. At the first stage, the transmission coefficient of an electromagnetic wave through the matrix was measured as the ratio of the power at the detector with and without the researching matrix in quasi-optical path. At the second stage, the phase shift of electromagnetic wave as ratio of position of mirror in free arm of interferometer with and without the researching sample was measured. From the obtained results, the real and imaginary parts of the complex dielectric constant were calculated using equations relating the transmission and phase shift coefficients of electromagnetic wave with a complex magnetic and dielectric constant of the material [14] . The Figure 3 shows frequency dependences of complex permittivity of polymer dielectric matrixes calculated from the transmission and phase shift spectra of an electromagnetic wave. One can see from the graphs, the values of the real part of the dielectric constant of measured matrixes in the frequency range 200-380 GHz at temperature 298 K are in the range of 2.45-2.9 and remains constant with increasing frequency. The maximum value of the real part of dielectric constant is observed in nylon, the minimum in polystyrene. The imaginary part of the complex dielectric constant, which is responsible for the loss in the substance, has an almost linear increasing dependence on the frequency for all matrixes under research (Figure 3b ). The exception is HIPS, for which the imaginary part of the dielectric constant remains unchanged in the range of 0.01-0.02.
Conclusion
Thus, based on this research, it can be said that the considered materials can be used to create focusing elements (lenses) of the quasi-optical terahertz tract. In this case, the best material for creating lenses by FDM 3D printing will be polystyrene due to low dielectric losses (< 0.02) in the THz range (Figure 3b ). Another important direction of application of dielectric and conductive materials in additive technology can be the creation of frequency selective elements and metamaterials of extreme high frequencies.
Besides the results obtained can be used in the simulation of the electromagnetic response of composite materials and objects in the THz frequency range. Based
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PMCP2018 IOP Conf. Series: Materials Science and Engineering 511 (2019) 012010 IOP Publishing doi:10.1088/1757-899X/511/1/012010 4 on the researched polymer matrixes and conductive plastic with carbon-containing additives, anisotropic materials can be manufactured by 3D printing method for THz frequency range technique. Thus, the knowledge gained about the electromagnetic characteristics of widely used materials in 3D printing will expand the use of additive technologies in the direction of the THz technology.
